Introduction
An upgraded system of pulsed switching magnets has been implemented in the Fermilab Switchyard to accommodate proton -energies up to 1 TeV. These devices are required for switching the "slow" and "fast" extracted beams into their respective beam lines.
"Slow" beam passes undeflected through the magnet in the off condition. During a pulse "slow" is disabled and "fast", which is of -1 ms duration, is deflected. The requirement then is for a "flat-top" current pulse of minimum rise and fall time.
The circuit chosen is of the resonant charge recovery type.
Several different styles and combinations of magnets are employed according to beam line requirements and constraints.
In all cases maximum voltage is limited to 600 volts and pulse width to 100 ms.
Principle of Operation
The basic pulser circuit is shown in Fig.1 with associated current and voltage waveforms in Fig.2 . There are four distinct steps in the pulse generating process. We shall follow through these, starting with main capacitor bank C charged to voltage Vc and commutating capacitor c charged to vc. This commutates SCR #2, diverting current through SCR #3 and commutating capacitor c.
(D) Charge Recovery
Capacitor c is rapidly discharged and reverses polarity about .2 msec after SCR #3 is triggered. This polarity reversal causes the 4 series diodes to be biased on. Now current has been switched back into the main capacitor bank in the correct polarity to recharge it. Current falls in a sinusoidal fashion as the capacitor bank is recharged to its initial voltage (neglecting losses). Such a large value of capacitance dictates use of electrolytic capacitors. The 600 volt specification is met by having 2 series banks of 450 volt capacitors (see Fig.3 Fig.6 . Droop during flat-top is <.2%/msec.
DC Level
In one case it is necessary to provide a pulse on top of a DC current level due to beam line constraints. This is accomplished by having a relatively large inductance in series with a current regulated DC supply (see Fig.4 ). Another specification is that pulse current be adjustable over a wide range by varying a single reference level.
This requires that commutating 
